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The disinfectant value of strongly dissociated mineral acids, such as hydrochloric and sulphuric, depends chiefly upon the number of free hydrogen ions present. The weak organic acids, however, exert a more toxic effect than would be indicated from their degree of dissociation.
Kahlenberg and True (1) found that the toxic action of the highly dissociated acids for the plant Lwpinus albus was due to the hydrogen ions. In weakly dissociated acids, they suggested that the undissociated molecule and anions may play a role. Of the fatty acid series formic was the most toxic, being strongly dissociated. Propionic, butyric and valerianic exhibited a similar inhibitory activity and were slightly more active than acetic, although this latter acid is more strongly dissociated. The dibasic acids, oxalic, malonic and succinic, decreased in toxicity as the series was ascended. The toxic activity of oxalic was due entirely to the hydrogen ions, as a gram molecule of acid potassium oxalate, which has one half the number of free hydrogen ions as the acid, had the same poisonous effect as half a gram molecule of the acid. Kronig and Paul (2) found that the more dissociated an acid was the greater germicidal action it exhibited against anthrax spores. Exceptions to this relationship existed which they believed were due to the additive action of the anion and undissociated molecule. Clark (3) observed that acetic acid at a dilution which was only two per cent ionized, inhibited the germination of the spores of a group of filamentous fungi, while highly dissociated mineral acids failed to show so high a retarding effect. He also attributed the activity of the weakly dissociated acids to the undissociated molecule. Winslow and Lochridge (4) reported that the inorganic acids, hydrochloric and sulphuric, were more toxic for Bacillus coli and Bacillus typhosus in a concentration where the degree of dissociation was greatest. The organic acids exerted a marked toxic effect in dilutions at which they were only slightly dissociated. They concluded that the active germicidal portion of the organic acids was the undissociated molecule. In this paper, they have completely summarized the previous work on acid disinfection.
Paus (5) noted that the fatty acids and the dibasic organic acids were strongly inhibitory toward Bacillus coli and Bacillus typhosus. Of the organic acids tested, with the exception of oxalic and malonic, all were less active against these organisms than the normal fatty acids. The dibasic acids decreased in bactericidal power as the series was ascended. Better growth occurred when the oxy acids of acetic, propionic and butyric were added to the media than with the normal acids, although the hydrogen ion concentration was higher. He concluded that there was little relation between hydrogen ion concentration and growth, but that the kind of acid as well as the acidity was responsible for their germicidal value. Wyeth (6) reported that a greater hydrogen ion concentration was necessary to inhibit the growth of Bacillus coli, in the case of the strongly dissociated acids, hydrochloric and lactic, than with the weak acids, such as acetic. When equivalent amounts of the acids were used, however, the more highly dissociated ones were the most inhibitory. Wolf and Shunk (7) noted that different acids at the same hydrogen ion concentration did not inhibit growth of certain plant bacteria equally. Acetic and formic were more efficient than hydrochloric and sulphuric in inhibiting the growth of plant pathogens.
Bial (8) found that the antiseptic action of acids against yeasts corresponded to their degree of dissociation or the number of free hydrogen ions present. Addition of a common ion, by which the number of free hydrogen ions was diminished, decreased the antiseptic action of an acid. Bruenn (9) , by adding varying amounts of a salt containing a common anion to acetic and lactic acid, determined that a decrease in the number of free hydrogen ions resulted in decreased disinfectant power of the acids for Bacillus coli and Bacillus typhosus. He concluded that the disinfectant value of the organic acids depended only upon the hydrogen ion concentration. Norton and Hsu (10) agree that the disinfectant action of acids is produced through their hydrogen ions. By decreasing the number of free hydrogen ions in formic acid and increasing the undissociated molecule, by the addition of a common ion, the toxic action of the acid for bacteria was decreased. Using the "Isohydric Principle," by which it is possible to increase the number of free anions, without changing the hydrogen ion concentration or the number of undissociated molecules, they determined that the acid anions act upon the hydrogen ions as positive catalyzers, increasing their germicidal power.
Paul, Birstein and Reusz (11) reported that the disinfectant action of the inorganic acids did not depend entirely upon the degree of dissociation. They believed that the anion acted as a positive catalyzer, increasing the toxicity of the cation. The organic acids, acetic and butyric, were more toxic for bacteria than hydrochloric when equal isohydric solutions were considered. This they explained on the basis of the additive toxic effect which the anion and undissociated molecule might exert. Wolf and Harris (12) noted that the inhibition of growth of Bacillus welchii and Bacillus sporogenes by organic and inorganic acids was proportional to their degree of dissociation. They believe that the important factor in determining the toxic value of an acid is the degree of acidity and not the amount of acid present, although "with the weak organic acids, the mass concentration may exert an effect." They state that " the anions and undissociated molecules act mainly as foreign bodies and add an inhibitory effect proportional to the molecular concentration."
Taylor (13, 14) found that the organic acids exerted specific inhibitive effects against certain organisms. Acetic and propionic were equally effective in preventing the growth of Bacillus pyocyaneus in vitro. Butyric was slightly less active. When tested in clinical cases acetic acid was a "specific" disinfectant for this organism. In treatment of wounds harbouring Bacillus pyocyaneus a one per cent solution of acetic acid in physiological saline was used. In cases undergoing such treatment Bacillus pyocyaneus was eradicated after one week's dressing with this solution, whereas wounds dressed with numerous other antiseptics including sodium bicarbonate, Dakin's solution, quinin hydrochlorid, benzoic acid, cresol and various percentages of sodium chloride showed an increased presence of Bacillus pyocyaneus up to the third week of treatment. The mineral acids, hydrochloric and nitric, exhibited no specific effects, being toxic to all organisms in about the same amounts. Wolf and Harris (15) observed that a slight increase in the hydrogen ion concentration of culture media in which the anaerobes Bacillus welchii and Bacillus sporogenes were growing inhibited their growth sharply. They suggested the possibility of using this knowledge in the treatment of wounds infected with these organisms.
In summary it may be stated that strong acids, particularly the mineral acids, exert a toxic effect upon bacteria through their hydrogen ions. That the disinfectant action of acids is proportional to their degree of dissociation was first suggested by Kahlenberg and True from their determination of the inhibitory action of acids upon the growth of certain seedlings. Kronig and Paul reached the same conclusions in determining the resistance of anthrax spores to certain acids. On the other hand, the toxic action of the weakly dissociated organic acids depends not alone upon the number of free hydrogen ions present in a solution, but also upon the anions and the undissociated molecules. This was first observed by Kahlenberg and True and confirmed by later workers. The anion and undissociated molecule may act independently in exerting their disinfectant action, or as Paul, Birstein, and Reusz and others have suggested, as positive catalyzers increasing the bactericidal power of the hydrogen ions.
With the exception of the work of Paus (5) no large group of organic acids has been studied in relation to their toxic action for bacteria. That the acids may be of importance in disinfection has been indicated by the work of Taylor (13, 14) and by Wolf and Harris (15) . They suggested the possible treatment of infections with them. Taylor has shown, in vivo as well as in vitro, that acetic acid has an extremely toxic effect upon Bacillus pyocyaneus.
With these facts in mind, a representative group of the organic acids was selected for the purpose of determining: 1. The comparative bactericidal and inhibitory action of the organic acids against Bacillus pyocyaneus and a variety of other organisms; 2. the portion of the molecule that is responsible for the germicidal action of the organic acids; 3. the bactericidal relationship which exists between the acids of an organic series; 4. the part that other factors such as adsorption, may play in acid disinfection.
Apparatus. Hydrogen ion determinations were made with the Leeds and Northrup student potentiometer except for the adjustment of the acidity of the culture media, which was made by the colorimetric method. Surface tension measurements were made with the duNouy tensiometer. All readings were taken at the end of a twominute interval, at a temperature of 20° C. Measurements were relative and give comparative rather than absolute values.-The liquid whose surface tension was to be measured, was pipetted in 2 cc. amounts into a watch glass. After allowing this to stand for two minutes undisturbed, the platinum iridium ring was lowered onto the surface of the liquid. Three readings were made upon each liquid and an average of these taken as the surface tension value.
Glassware. Glassware used in surface tension determinations including flasks in which acid dilutions were contained, was boiled in cleaning solution and washed in distilled water. Triple distilled water was used for preparing the acid dilutions. Glassware for holding acid dilutions was boiled for one half hour in dilute hydrochloric acid and washed in distilled water. This procedure insured the neutralization of any alkali present.
Adds.* The acids were representative of the four types of organic acids and were as follows: Monobasic fatty acids, acetic, propionic, butyric, valeric; hydroxy acids, glycollic, lactic; dibasic acids, oxalic, malonic, succinic; tribasic acids, aconitic, citric. Data relating to these acids are given in table 1. The butyric acid was a technical product, 98-100 per cent butyric acid. The other acids were C. P. products. Normal dilutions of the acids in distilled water were maintained as stock solutions. Due to the slight solubility of valeric acid in water, a stock solution of fourth normal strength of this acid was prepared.
Bactericidal method. Cultures. The test organisms were: Bacillus coli, Bacillus typhosus (Hopkins strain), Staphylococcus aureus (Insecticide Board strain), and Bacillus pyocyaneus P. These organisms gave characteristic cultural reactions in differential media. Classification was according to Bergey (16) . Subcultures in broth were made at 24-hour intervals for three successive days previous to their use. The 24-hour culture of the third day was used for test purposes.
Medium. Armour's peptone broth (pH. 6.6 -6.8), consisting of 0.3 per cent Liebig's beef extract, 0.5 per cent sodium chloride and 1 per cent of Armour's peptone was used for growing the organisms and for subculturing. The broth was tubed in 10 cc. amounts and sterilized.
Inoculum. The loops for subculturing were made by winding no. 24 gauge platinum wire once about a 4 mm. rod to form a single loop which was bent at a 45 degree angle to the shaft of the wire.
Technic. Ten dilutions of acid were tested at one time. Ten test tubes, each containing 5 cc. of a given dilution of the acid, were placed in a 20° C. water bath and to each test tube was added, at 30 second intervals, 0.1 cc. of a 24-hour broth culture of the test organisms. This seeding process was completed in 4J minutes. Thirty seconds after the last tube had been seeded, a subculture of a standard loopful was made from the first tube into 10 cc. of Armour's peptone. The other dilutions were similarly subcultured at 30-second intervals. This process was continued until each of the ten test tubes had been subcultured at 5, 10, and 15 minute intervals. The subcultures were incubated at 37° C. for 48 hours.
Inhibitory method.
Culture. Bacillus pyocyaneus P., the strain used in bactericidal tests, was chosen for the inhibitory tests because of its unusual sensitivity to the action of the organic acids which made it possible: 1. to use high dilutions of the acids to inhibit its growth in peptone broth, thus eliminating the possibility of producing a precipitation of the proteins in the media; 2. to determine slight differences in inhibitory activity between acids which are almost of the same strength as are several of the acids in the monobasic series.
Medium. Peptone water (pH. 7.0), containing 1 per cent Difco peptone and 0.5 per cent sodium chloride was used for culturing the organisms and for determining the inhibitory values of the acids. In testing the comparative inhibitory activity of the acids, the acid was added to the peptone. Armour's peptone broth was found to be unsuitable as precipitation of the protein particles by the acids frequently occurred. This precipitation made it difficult to read possible growth, and, no doubt, to some extent negated the action of the acids against the test organisms. With peptone water these difficulties did not occur due to the absence of the additional constituent, beef extract, which was present in the Armour's peptone broth.
Technic. Peptone water, in 9 cc. amounts, was pipetted aseptically into sterile test tubes and to each tube was added 0.1 cc. of a 24-hour filtered broth culture of the test organism. Varying sterile concentrations of the acid to be tested were added in 1 cc. amounts. The test tubes were shaken lightly, after the addition of the organisms and of the acid, to secure a homogeneous suspension and then incubated at 37° C. for 48 hours. In this way it was possible to determine the exact dilution of the acid necessary to prevent growth.
Preliminary study.
In order to secure a representative strain of Bacillus pyocyaneus with which to continue further studies, bactericidal and inhibitory tests were made against ten strains of this organism. The results in table 2 show that there is slight variation in resistance of different strains to acetic acid. One of these strains, which was designated as Bacillus pyocyaneus P., was used for our disinfection work.
Experimental. 1. Bactericidal action of the monobasic series. The bactericidal action of the monobasic series of acids, including acetic, propionic, butyric and valeric is shown in table 3. The toxicity of these acids for bacteria increased as the series was ascended. A marked increase in bactericidal activity over that displayed by acetic and propionic, occurred with butyric and valeric against Bacillus pyocyaneus, Bacillus typhosus, Bacillus coli and Staphylococcus aureus, although Bacillus pyocyaneus, and Bacillus typhosus were the most susceptible to the poisonous effects of the acids. Valeric, which was germicidal at an N 20 concentration, was approximately 7-10 times as toxic for these two organisms as acetic, while the germicidal values of propionic and butyric lay between the extremes displayed by acetic and valeric.
The toxic action of these acids is not dependent entirely upon their hydrogen ion concentration. The hydrogen ion concentration of bactericidal dilutions of the monobasic acids for Bacillus pyocyaneus given in table 4 show that the germicidal action is inversely proportional to the hydrogen ion concentration. On the other hand, germicidal activity increases with increase in molecular weight and increase in ability of the acids to lower surface tension. Other workers have indi- cated that the bactericidal action of the weakly dissociated acids is due to the undissociated molecules. As the number of free cations and anions in a solution containing a weak acid is small compared to the amount of the undissociated molecules present, the above results appear to confirm this previous work. This, however, does not explain the wide differences in bactericidal activity existing among the acids within the series. The marked difference in bactericidal power may possibly be explained by: (1) the action of surface tension or the increased rapidity of adsorption of the toxic molecule as the series is ascended; (2) the increased size of the molecule, which may be a factor in increasing the bactericidal power.
Berczellar (17) indicated that there was a relationship between the antiseptic action of certain substances and their ability to lower surface tension. A-napthol was a stronger disinfectant than 6-napthol and also reduced surface tension more. Of the cresols, ortho, meta and para, the latter had the highest germicidal activity and was the most powerful surface tension reducent. Hansen (18) increased the disinfectant speed of hydrochloric acid by the addition of small amounts of alcohol. Saponin and peptone, however, did not augment its action, although both reduce surface tension. He concluded that the lowering of surface tension alone does not speed up disinfectant action, but that if the depressant increases the permeability of the cell membrane, the intensity of disinfection depends upon it, that is, upon the amount of disinfectant adsorbed upon the bacterial cell. Walker (19) suggested the possibility that the germicidal activity of soap solutions may be related to their depressing effect on surface tension. Leonard and Frobisher (20, 21) and Leonard and Feirer (22) have indicated the importance of the phenomena of surface tension reduction in determining the germicidal power of hexylresorcinol. This relationship is explicable, as they have stated, by the increased rapidity with which a substance lowering surface tension is attracted to the bacterial cell, thus increasing the rate of diffusion within the cell. Frobisher (23), upon the addition of small amounts of a bland surface tension reducent to phenol and hexylresorcinol, increased their bactericidal activity considerably. Addition of large amounts of sodium oleate inhibited the germicidal activity of these compounds. Frobisher suggested that this may have been due to adsorption of the soap solution on the bacterial cells, forming a protective coating against the action of the phenol and hexylresorcinol.
The surface tension of the acids varies considerably, particularly in a homologous series such as the monobasic series of fatty acids, where surface tension'reduction follows Traube's rule, that the lowering of surface tension is inversely proportional to the length of the carbon chain. In relation to liquid solid interfaces, those solutes which lower surface tension of a solution are adsorbed to a greater extent, and more quickly, upon particles suspended in the solution than solutes which do not. The adsorption rate also decreases with solubility. In this connection, it must be remembered that the fatty acids decrease in solubility as we ascend the series. Frobisher (23) was able to enhance the bactericidal power of phenol and hexylresorcinol by the addition of a bland surface tension reducent to them. It has been suggested that the increased bactericidal activity of disinfectants in the presence of surface tension depressants, which in themselves lower surface tension, is due to the greater concentration of disinfectant which is able to accumulate upon the bacterial cell and exert a toxic action. It might be expected that with the addition of other particles, besides bacteria, to such a disinfectant, the same adsorbing effect would take place upon them. If these particles were many times more abundant than the bacterial cells, they would adsorb many of the toxic molecules and interfere with the action of the germicide upon the bacteria.
According to Bechhold and Reiner (24) the action of a surface active disinfectant becomes weakened through adsorption. In the presence of,colloidal substances, such as haemoglobin and serum, the disinfectant action of " Metallkohle " was decreased. The germicidal power of " Silberkohle" and magnesium dioxide was much greater alone than when finely divided charcoal was added to them. Walker (19) has already shown that the presence of blood serum and broth, both of which contain protein particles, have an inhibitory effect upon the action of soaps, which are surface tension reducents.
In order to determine the effect of these acids upon bacteria in the presence of particulate matter, inhibitory dilutions of them were added to peptone broth into which bacteria had been inoculated.
Inhibitory action of the monobasic series.
The results of these tests against Bacillus pyocyaneus are shown in table 4. The activity of this series is almost completely reversed. Acetic and propionic, both of which were comparatively weak when tested in bactericidal dilutions, exert a much stronger inhibitory action upon Bacillus pyocyaneus than do butyric and valeric. Propionic was slightly stronger in this respect than acetic. The slightly lower inhibitory activity of acetic in relation to propionic, despite the fact that it should be more toxic in view of its higher surface tension could not be explained. Repeated tests gave the same results.
These results suggest that the high increase in bactericidal activity of the monobasic acids, as the series is ascended, may be due in part to the corresponding decrease in surface tension. The reversible action of the acids in the presence of peptone water appears to be due to the adsorption of the toxic molecules by the protein particles as they are present in greater abundance than are the bacteria. Those acids which lower surface tension to" the greater extent, and which are less soluble, would naturally have more of their toxic molecules adsorbed and inactivated by combination with protein particles or bacterial cells. We would then expect that greater concentrations of such acids would be necessary to exert a bactericidal effect, while acids with higher surface tensions and greater solubility would have more molecules remaining free in the solution to exert their toxic action against the organisms. Thus a higher dilution would be able to produce more of an inhibitory effect than in the case of the lower surface tension active acids. That the molecular weight of these acids is of no significance in determining their germicidal power, is evident from the nature of the results obtained. Although the bactericidal action increases with increased molecular weight, their toxic action in the presence of peptone decreases with increase in molecular weight.
variety of bacteria, including the resistant Staphylococcus aureus. Against Bacillus pyocyaneus their bactericidal activity is increased from 7-12 times. With the more resistant organisms, however, this increase is not as great. On the other hand, their toxic action for bacteria is very slight when they are tested by the inhibitory method. In this respect they fall far below -the normal acids in ability to inhibit growth. Table 4 represents the monobasic acids as being the strongest inhibitory acids. Propionic and acetic were able to prevent the growth of Bacillus pyocyaneus in peptone broth at concentrations of N 230 and N 220 respectively, whereas glycollic, the hydroxy acid of acetic, and lactic, the hydroxy acid of propionic, were inhibitory toward this same organism only at concentrations of N 160 and N 130.
The decided increase in bactericidal activity of the hydroxy acids of acetic and propionic in comparison with the normal acids is explicable by their increased degree of dissociation, if we assume that the free hydrogen ions of these acids are the important ones in determining their disinfectant power, and that a more or less toxic action, which depends upon the chemical nature of the anion and undissociated molecule, may be added to that exerted by the hydrogen ion. If this is true, then it is possible to explain this weak inhibitory action in comparison to the normal acids by the possibility that the most active portion of the acid, the hydrogen ions, combine with the protein particles, forming a complex proteinate which removes part of them from solution, preventing them from acting against the bacterial cells. The ability of these acids to inhibit growth would then depend, for the most part, upon the toxic action which the anions and undissociated molecule were able to exert.
Bacillus coli and Staphyloccus aureus. Likewise, their ability to inhibit growth in the presence of protein decreases as the series is ascended. Although oxalic and malonic are much more toxic in bactericidal dilutions than the monobasic acids, they inhibit the growth of Bacillus pyocyaneus only at a concentration of N 150 and N 100, while valeric, the least inhibitory of the monobasic series, prevents growth of this organism in a N 170 dilution.
The lower acids of this series, oxalic and malonic, in comparison with an acid such as acetic, may be termed strong organic acids. Consequently, the high bactericidal action obtained with them is to be expected, in view of the fact that they are quite strongly dissociated and appear to exert their disinfectant action in the manner of the mineral acids, mostly through the hydrogen ion. The degree of dissociation of the acids of this series decreases as the series is ascended and likewise we find that their germicidal power decreases. Kahlenberg and True (1) and Paus (5) obtained similar results with these acids in regard to their order of toxicity. In addition Kahlenberg and True (1) have shown that the toxic action of oxalic for plant seedlings was entirely due to the hydrogen ions.
Closely analogous to the inhibitory results obtained with the hydroxy acids of acetic and propionic acids, are those determined for the acids of the dibasic series. Their ability to inhibit growth of bacteria is decidedly slighter than would be assumed from their strong bactericidal action. In both cases, the germicidal action decreases as the series is ascended. This is notable in view of the results obtained with the monobasic series, where bactericidal activity and inhibitory activity were directly opposed to one another. It seems to emphasize the possibility that in this series of acids as well as with the hydroxy acids of the monobasic series, where the dissociation values are quite large in comparison to acetic and other normal fatty acids, the hydrogen ions are the most important portion of the acid molecules in disinfection, and that they are inactivated to some extent by the protein particles causing a decrease in inhibitory ability.
The surface tensions of the dibasic acids also decrease as the series is ascended, but to a much less extent than with the fatty acids. In normal solutions, oxalic and malonic have surface tensions very close to that of pure water. Consequently their slight ability to lower surface tension would exert little effect upon bactericidal action. Due to their wide variation in dissociation values, it was impossible to determine whether such slight differences in depression of surface tension would influence their toxic action, which appears to be due rather to the activity of the hydrogen ion, with the anions and undissociated molecules adding an effect dependent upon their chemical nature. 5 . Specificity of the organic acids for Bacillus pyocyaneus. It is evident from the figures in table 4 that the hydrogen ion concentration alone does not determine the bactericidal and inhibitory power of the organic acids. In bactericidal tests, Bacillus pyocyaneus was killed in dilutions of acids in which the hydrogen ion concentration varied from pH. 2.35 to 3.12. The bactericidal dilutions of aconitic and citric, two tribasic acids, for Bacillus pyocyaneus, contained the highest hydrogen ion concentrations. The hydrogen ion concentrations necessary to inhibit the growth of Bacillus pyocyaneus also vary considerably. The peptone solutions containing an inhibitory dilution of aconitic acid for this organism had a hydrogen ion concentration of pH. 4.36, while propionic acid inhibited growth at a pH. of 5.18. The hydrogen ion values of the other acids lay between these two extremes.
When the strengths of these acids are measured in terms of hydrogen ion concentrations, aconitic and citric lie close to oxalic, the strongest of the acids used in the tests, but in view of the fact that the toxic action of these acids for bacteria is not entirely dependent upon the hydrogen ions, it appears that the portion of the molecule which is responsible for supplementing the toxic action of the hydrogen ions is not very toxic in the case of aconitic and citric as a much greater concentration of these acids is necessary to kill than in the case of oxalic and malonic. The lower dilutions which are necessary for the bactericidal action of aconitic and citric, account for the high concentrations of hydrogen ions in their solutions.
In this respect, each organic acid exerts a specific effect on bacteria, in that in addition to the toxic effect produced upon the bacteria by the hydrogen ion, the anions and undissociated molecules increase the bactericidal action of the cation to a degree which depends upon the chemical nature of the molecule. The monobasic acids offer an exception to this. Their bactericidal action is inversely proportional to their hydrogen ion concentration and seems to depend almost entirely upon the undissociated molecules and their ability to lower surface tension.
Bacillus pyocyaneus has proved to be unusually susceptible to all of the organic acids tested. This is confirmatory of the work of Taylor (13, 14) on a limited group of the organic acids. A difference exists, however, between their bactericidal power in water dilutions and their inhibitory power in the presence of protein.
Strongly dissociated organic acids, such as oxalic are excellent bactericides for Bacillus pyocyaneus when organic material is absent. The fatty acids, acetic, propionic and butyric, in contrast, exert a very weak bactericidal action. The inhibitory value of these strong acids falls off sharply when tested in the presence of a protein solution. It is obvious, then, that the presence of protein material must be considered in selecting a germicide for treating Bacillus pyocyaneus as the ability of a germicide to kill organisms in water solutions does not indicate that it will be relatively as effective in the presence of organic matter.
Summary. 1. The bactericidal activity of the monobasic series of organic acids, acetic, propionic, butyric and valeric, increases as the series is ascended, that is, with increase in molecular weight and decrease in surface tension. On the other hand, when the inhibitory values of these acids in peptone broth are considered, their activity decreases as the molecular weight decreases.
2. This reversible toxic action of the monobasic series for bacteria, demonstrated when bactericidal and inhibitory action are compared, suggests that surface tension may play a role in the disinfection properties of some acids.
3. Replacing an atom of hydrogen, in a normal monobasic acid, with a hydroxyl group, enhances the bactericidal action enormously. The hydroxy acids of acetic and propionic are approximately 2-12 times as bactericidal as the normal acids against Bacillus pyocyaneus, Bacillus typhosus and Bacillus coli. Even against such a resistant organism as Staphylococcus aureus, they show an increased bactericidal effect. Normal monobasic acids, however, exert a greater inhibitory effect on bacteria than their corresponding hydroxy acids.
4. Bactericidal power of the dibasic organic acids, oxalic, malonic, and succinic, decreases as the series is ascended. The toxic action of this group against bacteria, appears to parallel the degree of dissociation, the more dissociated acids having a greater bactericidal effect.
5. Of the two tribasic acids tested, aconitic was the most toxic for bacteria. This acid was 3-36 times more active than citric against Bacillus pyocyaneus, Bacillus typhosus, Bacillus coli and Staphylococcus aureus.
6. A wide difference exists between the ability of an acid to exert a bactericidal effect and to inhibit growth. Acids which are strongly bactericidal frequently exhibit weak inhibitory powers in liquid media. Oxalic, the most toxic acid in bactericidal dilutions, exhibited a com-paratively weak inhibitory effect. Acetic, propionic and butyric acids, which are weakly bactericidal, were the most inhibitory of all the acids tested.
7. Bacillus pyocyaneus is extremely sensitive to disinfection by the organic acids. Not one of these acids exerts a specific effect upon this organism.
8. The hydrogen ion concentration necessary to inhibit the growth of Bacillus pyocyaneus in peptone broth is not constant, but varies with the kind of acid used. The monobasic acids, the least dissociated of the acids used, inhibit growth at a lower hydrogen ion concentration than the strongly dissociated acids such as oxalic. It appears that the bactericidal action of the weaker organic acids is not alone dependent upon the cations, but that the undissociated molecules are also active in this respect.
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